We examined Ohio and Mississippi River specimens of Orconectes that had been identified previously as O. placidus and collected new specimens or examined types of Orconectes luteus, O. placidus, O. forceps, O. medius, and O. rusticus from Illinois and other states. Our analyses revealed the presence of three species of Orconectes in the Ohio and Mississippi rivers, Orconectes luteus, O. placidus, and O. sp. (undescribed), based on chela morphometrics, gonopods, carpal spines, chela denticles, and life colors. All the Mississippi River records of O. placidus were O. luteus, and many of the Ohio River records of O. placidus were O. n. sp. Distinguishing characteristics for all three species, along with an addition to the dichotomous key to Illinois decapods, were included. The ranges of O. luteus, O. placidus, and O. n. sp. in Illinois were amended.
The placid crayfish (common name proposed herein), Orconectes (Procericambarus) placidus (Hagen, 1870) , has a restricted distribution in southern Illinois, which is the northern extent of its range (Page, 1985) . The placid crayfish also occurs in parts of Kentucky, Tennessee, and Alabama (Rhoades, 1944; Hobbs, 1989) . The golden crayfish, Orconectes (Procericambarus) luteus (Creaser, 1933) , occurs in Missouri, Kansas, Arkansas, and Illinois (Creaser, 1933; Williams, 1954; Pflieger, 1996; Minckley and Deacon, 1959; Metcalf and Distler, 1961; Ghedotti, 1998) , but it was not included as part of the Illinois fauna until recently (Taylor, 1996; Wetzel and Poly, 2000) . The placid crayfish is listed as an endangered species in Illinois, whereas the golden crayfish has no status because of its recent discovery (Illinois Endangered Species Protection Board, 1999) . Little information on taxonomy or life history has been published about these species of crayfishes (Williams, 1954; Boyd and Page, 1978; Page, 1985; Pflieger, 1996; Muck et al., 2002) . Page (1985) gave the Illinois distribution of Orconectes placidus as the lower Mississippi River, the Ohio River, and the Big Creek drainage (Ohio R.) and noted that some Illinois specimens presented taxonomic difficulties. After we captured O. luteus at Grand Tower, Illinois, we questioned whether the Mississippi River specimens listed as O. placidus in Page (1985) might be O. luteus because of the proximity to the Mississippi River border in Missouri where O. luteus occurs (Pflieger, 1996) . Also, several collection sites shown in Pflieger (1996) for O. luteus appeared to be in the mainstem of the Mississippi River, and one of the records of O. placidus in Page (1985) was on the West side of the main channel of the Mississippi River (on Kaskaskia Island). Hagen (1870) included specimens from Texas, Tennessee, and Illinois as syntypes of O. placidus, but the species does not occur in Texas (Penn and Hobbs, 1958 ; see also Results and Discussion sections). We borrowed museum specimens (including type specimens) and made recent collections of O. luteus and ''O. placidus'' in Illinois to compare their characteristics and to define their ranges in the state. Our study demonstrates that O. luteus, O. placidus, and an undescribed species of Orconectes (leopard crayfish) occur in Illinois, and we provide distinguishing characteristics for the three species.
MATERIALS AND METHODS
Specimens of Orconectes luteus, O. placidus, O. rusticus (Girard, 1852), and O. n. sp. were collected from 20 sites in Illinois, Missouri, and Ohio during 1999-2002 and were preserved in 70-80% EtOH. We noted life colors of each species, and color photographs were taken of individuals of each species. Form (I or II) was noted for both male (M) and female (F) crayfishes (see , for details of form alternation in females). Additional specimens from museums were studied (see Material Examined), including type specimens of Orconectes (P.) forceps (Faxon, 1884) , excluding chelae that appeared to be regenerated. The number of rows of denticles were counted at the widest portion of the line of denticles.
Gonopods, chela denticles, and carpal spines of MI were examined with light (LM) and scanning electron microscopy (SEM) (n 5 2 O. luteus, 2 O. placidus, and 1 O. n. sp. with SEM). For SEM, body parts were washed with detergent, sonicated, critical point dried, sputter coated with gold/ palladium, and examined with a Hitachi S-570 SEM at 20 kV.
We compared means of several ratios for differences among species. Dactylus length/dactylus width was compared between O. luteus and O. placidus using the Mann-Whitney U test because of unequal variances, and the same test was used to compare dactylus length/chela gap width between O. placidus and O. n. sp. Chela length/chela width was compared among O. luteus, O. placidus, and O. n. sp. using one-way ANOVA and the Scheffé multiple comparisons procedure. Results were considered significant at a 5 0.05 (adjusted for number of comparisons with the Scheffé test (a 5 0.0167) and Mann-Whitney U test (a 5 0.025)). All statistics were performed with StatView 5.0 (SAS Institute, Inc., 1999).
RESULTS
We found three crayfish species, including an undescribed species, present among the specimens formerly identified as Orconectes placidus in Illinois. Orconectes luteus occured in the Mississippi River mainstem from Kaskaskia Island downstream to southern Alexander County as well as in Apple Creek in the Illinois River drainage. Orconectes placidus occurred in the Big Creek drainage (Hardin County) and Ohio River downstream to Joppa. Orconectes n. sp. was distributed from 5.5 km upstream of Joppa to Cairo in the lower Ohio River (Fig. 1) .
The ratio dactylus length/dactylus width differed significantly between O. luteus and O. placidus (Mann-Whitney U, P , 0.0001), and this ratio provided good separation when displayed graphically ( Fig. 2 A, B) . A significant difference was found between O. placidus and O. n. sp. in mean dactylus length/chela gap width (Mann-Whitney U, P , 0.0001; Fig. 3 placidus, mostly larger males, had a ratio greater than or equal to 2.5, and the three species could not be distinguished with this ratio ( Although the gonopods were shown as SEM images for clarity, the overall differences and similarities in shape among gonopods were readily apparent with light microcopy, and gonopod shape was consistent within species regardless of differences in CL.
Life colors were distinctive among O. luteus, O. placidus, and O. n. sp. (Fig. 6 ). Orconectes placidus usually had prominent, wide, black bands on the tips of the dactylus and propodus of the cheliped (Fig. 6C ), whereas shorter, dark bands may or may not be present on O. luteus and O. n. sp. A broad, black stripe spanned the length of the lateral margin of the cheliped propodus of O. placidus. The anterior black saddle on the carapace extended posterior to the cervical groove in O. placidus, whereas the black saddle was restricted to the area anterior to and including the cervical groove in O. luteus (Fig. 6B, C) . The chelipeds of O. placidus also had a prominent black tubercle on the propodus at the base of the dactylus, unlike O. luteus, which had an orangered tubercle, and other body spines and dactyls of walking legs of O. luteus were orange-red as well. The color of O. n. sp. was quite unlike the other species in being a base color of brown, with varying degrees of speckling or blotching on the chelae, carapace, and abdomen (Fig. 6D ). There were no black bands across the carapace of O. n. sp. as those found on O. luteus and O. placidus. Orconectes luteus from Apple Creek (not shown) were not as vibrantly colored as specimens from the Mississippi River or other rivers in southern Missouri. Orconectes placidus from the Big Creek drainage had the boldest markings (Fig.  6C) , whereas those from the Ohio River (not shown) were dull, and some specimens from Joppa were pale green with subdued bands on the chelae and little trace of the black saddles on the carapace. Orconectes rusticus was included because of its placement in the dichotomous key relative to other species included herein and because it could be confused with O. luteus. With life colors, O. rusticus could be distinguished from the other three by the prominent rusty spot on each side of the posterior lateral margins of the carapace (Fig. 6A ). The following couplets can be substituted for couplet 17 of the dichotomous key in Page (1985) : 17a. Dorsal (cephalic when lifted from body) surface of gonopod with shoulder ( Fig. 42) , central projection tapers to narrow tip; three or more rows of denticles on inner margins of propodus and dactylus of cheliped . (Fig. 6D in Poly and Wetzel, 2003 [present paper]) Based on our determinations, three of four specimens in MCZ 170 and one specimen in MCZ 289 (the largest male) were not O. placidus (both lots contain syntypes). The largest specimen (MII) in MCZ 289 had denticle patterns, chela dimensions, and overall appearance of those in MCZ 170. All three MI specimens in MCZ 170 possessed a definite shoulder on the gonopods, whereas O. placidus did not have a cephalic shoulder on the gonopods (MCZ 296). In addition, three MI specimens in MCZ 170 and the largest MII specimen in MCZ 289 were similar in chela dimensions and did not agree with O. placidus (Fig. 2) . One MII specimen in MCZ 170 was O. placidus (see Discussion).
The specimens of Orconectes placidus in the ''Würzburg Museum'' (Institut für Zoologie, Universität Würzburg) cited by Faxon (1914: 418) and Hobbs (1989: 48) were no longer extant (much of that collection was destroyed during World War II, personal communication from Drs. Erhard Strohm and Peter Wolbert, 20 June 2000). The same authors reported type specimens were at the Australian Museum, Sydney, but types of O. placidus were not found in that collection (Penny Berents, personal communication, 14 June 2000) .
DISCUSSION
Based on our analyses, recent collections, and reidentifications of specimens, the present range of Orconectes luteus in Illinois is from Apple Creek (a tributary of the lower Illinois River) to south of Horseshoe Lake in the Mississippi River, whereas O. placidus occurs in the lower Ohio River and Big Creek drainage and O. n. sp. in the lower Ohio River of Illinois (Fig. 1) .
Orconectes n. sp. and O. placidus have been collected sympatrically and syntopically only at Joppa, Illinois.
Orconectes luteus was considered an introduced species by Taylor (1996) when discovered in Apple Creek, Greene County, Illinois. However, it is clear now that the species is native to Illinois when considering its distribution in Missouri. Genetic affinities of O. luteus from Apple Creek to populations in northeastern Missouri and direct tributaries of the Mississippi River in southeastern Missouri also support this contention (J. W. Fetzner, Jr., personal communication). Color variations occur among different populations of O. luteus (Pflieger, 1996; J. W. Fetzner, Jr., personal communication) , and the Illinois River drainage population differed in color from those in the Mississippi River (authors, personal observation). However, we did not collect any recently molted (i.e., ''clean'') specimens from Apple Creek; thus, their dull coloration could have been due to accumulated debris on the exoskeleton. Even though life colors can be variable, color should be noted or documented with a photograph whenever crayfishes are collected because it is a valuable taxonomic character. We have been unable to distinguish among O. luteus populations in Missouri and Illinois using morphological characters (chelae, gonopods). However, the taxonomic status of O. luteus as presently defined might change after further study of the species across its range. Fetzner and Crandall (1999) performed genetic analyses to determine relationships among populations of Orconectes luteus in Missouri, and additional samples from Missouri and Illinois were Ortmann (1931: 80) indicated that specimens in MCZ 170 were not O. placidus, and he cited the presence of the cephalic shoulder on MI gonopods as his evidence. That the MCZ lots contain mixtures of species has not been noted before. We believe that specimens may have been transposed between MCZ 170 and MCZ 289. We consider the locality information (''Quincy, Illinois'') for MCZ 296 erroneous because it is the only isolated record of the species from a point far outside its present range. The designation of the type locality for O. placidus as ''Lebanon, Wilson County, Tennessee'' by Hobbs (1989: 48) is not accurate because a lectotype has not been selected from the syntypes, and such action is needed to restrict the type locality (ICZN, 1999) . We leave any lectotype designation to future workers who study taxonomy of the species across its entire range. Hobbs (1972: 98) 1885) by the ratio dactylus length/palm mesial margin length, which was reported to be greater than 2.5 for O. placidus and less than 2.5 for O. forceps and O. n. neglectus. We found this ratio was of little value in separating O. placidus and O. forceps. Ortmann (1931: 78) indicated that large male O. placidus had a ratio of 2.5 to 3, but in the present study, not even all large males had a value above 2.5 (see Fig. 4 ). The presence or absence of the distomedian carpal spine separated every specimen of O. placidus (welldeveloped spine) from both O. forceps syntypes and O. n. sp. (spine absent).
Details of the sculpturing on the central projection might be useful to distinguish between O. placidus and O. n. sp. (Fig. 5 H,  I) . Line drawings of the gonopods often do not supply sufficient detail of the shape of the tip of the central projection. A more detailed examination of all crayfish gonopods with LM and SEM might provide additional taxonomic characters.
Orconectes n. sp. is an undescribed taxon for which we are preparing a description. In several characters, Orconectes n. sp. is similar to Faxon's crayfish, Orconectes forceps, reported in the Tennessee River drainage of southwestern Virginia and Tennessee, Alabama, and Georgia (Faxon, 1884; Hobbs, 1981) . Although the leopard crayfish, O. n. sp., has been collected at seven locations in the Ohio River of Illinois, the species undoubtedly occurs in Kentucky portions of the Ohio River and with further effort might also be found in the Mississippi River bordering Kentucky or Missouri.
